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温熱刺激後に total RNAを抽出した。Agilent 2100 Bioanalyzerで電気泳動パターンの確認、
NanoDropND-1000による定量評価を行った。マイクロアレイ解析には Affymetrix®社製
GeneChip®Human Genome U133 Plus 2.0 Array を使用した。検出されたシグナルについて解析ソ
フト GeneSpring GX を用いて、Scatter Plot、Gene Ontology (GO)、クラスター、Pathway、ネ
ットワークの各解析を行った。 
また、培養温度の変化によって骨格筋より放出され脂肪細胞または血中で作用する可能
性が考えられた Dipetidyl peptidase Ⅳ (DPP-4)について、SkMC を同条件で培養後に、培養液




37℃群と比較して 42℃群において 2 倍以上の発現の増加があった遺伝子は 1072、0.5 倍
以下に発現が減少した遺伝子は 1123 あった。2 倍以上の発現変動があった遺伝子のうち、
26 遺伝子が ASCVDに関連すると考えられ、0.5 倍以下の発現変動があった遺伝子のうち 12
遺伝子が ASCVD に関連すると考えられた。その他、アポトーシスや細胞増殖抑制に関連す
る因子の発現変動が複数確認された。 
GO 解析においては、37℃群と比較して 42℃群において発現が 2 倍以上変動した 1072プ
ローブについて解析を行い、152 個 が GO で分類された遺伝子リストと有意 (p<0.001) に
一致していた。そのうち、114個の遺伝子が GO term 分類の biological process、15個が cellular 
3 
 
components、23個が molecular functionであった。発現が 0.5倍以下となった 1123遺伝子に
ついては、123個がGOで分類された遺伝子リストと有意に一致していた。79個 が biological 






る sterol regulatory element-binding protein (SREBP)シグナル伝達や SREBP に関連したコレス
テロール代謝やホメオスターシスに関連するもの、コレステロール合成に関連するもの、
グリコーゲン代謝に関連するもの、AMPK シグナル伝達経路などの pathway に有意に含ま
れていた。また、脂質合成、AMPK シグナル伝達経路、インテグリン細胞接着の pathway
については、発現上昇及び発現低下の遺伝子群の一部を有意に含んでいた。 
ネットワーク解析では、4 倍以上の発現変動があったものと 0.25 倍以下の 168 遺伝子リ
ストを使用して Natural Language Processing (NLP) 解析を行ったところ、個々の遺伝子発現
で大きく変動のあった HSPA1Aや CLU、MAP3K8 などが含まれていた。 
また、DPP-4は、SkMCへの温熱刺激で発現が低下しており、そのことがアディポネクチ













通して ASCVD の予防への効果が期待できるものとして、脂肪蓄積誘導膜貫通蛋白質 2、
CCAAT/エンハンサー結合タンパク質 δ、Sestrin1 などが考えられた。SkMCに温熱刺激を与
えて有意な発現低下した因子のうち、DPP-4、血管内皮リパーゼ、Heat shock 70kDa protein 5、































10 遺伝子のうち 9 遺伝子が ASCVD に防御的に働くと考えられ、発現低下が確認され、















Among lifestyle-related diseases, atherosclerotic cardiovascular disease (ASCVD) cause few 
symptoms, and tend to lead to fatal or severe conditions, markedly reducing the QOL.  
We have reported that the eating habits more than meal contents concerned with lifestyle-related 
diseases and need to health consultation about eating habits according to individual lifestyle in 
healthy community residents. It is also clear that exercise habits are closely related to 
lifestyle-related diseases. However, in our cross-sectional studies, we have also reported that there 
was no simple correlation between some exercise index and visceral fat area or arterial stiffness.  
It is well known that the patients cannot correct their life style due to the decreased self-efficacy 
when the laboratory data is not improved. The life style to be corrected is mainly food and exercise 
habits both of which are difficult to change. In addition to these habits, the author is interested in the 
skeletal muscle function enhanced by heat stimulation. It is important to know whether heat 
stimulation is useful to prevent ASCVD as well as to support by nurses to improve life habits by 
increasing the patient’s self-efficacy.   
In recent years, the influences of skeletal muscle on metabolism have attracted attention. A 
physiologically active substance (myokine) released from skeletal muscle and the skeletal muscle 
function have been reported to be related to cardiovascular diseases. Exercise and thermal 
stimulation of skeletal muscle are known to promote preventive effects against ASCVD.  
Our previous study confirmed decreases in the blood adiponectin level and soluble urokinase-type 
plasminogen activator after the application of thermal sheets to femoral skeletal muscle in healthy 
males and females. In nursing, the use of thermal sheets for various purposes has been reported as a 
compress method with moderate continuous hyper thermic effects. Prolonged thermal application is 
known to increase blood flow in the skin and muscle. In our previous study, local continuous heating 
using thermal sheets continuously increased blood flow to the femoral skeletal muscle. Based on this 
finding, we considered the possible effects on skeletal muscle function and in particular, changes in 
blood protein levels due to changes in gene expression caused by effects on local tissue. The results 
of our previous study suggested the effects of thermal stimulation on factors (such as atherosclerosis 
and lipid metabolism) related to the prevention of ASCVD.  
To investigate metabolic behavior, comprehensive measurement of the activities of involved gene 
transcripts and enzymes and associated metabolites is important.  
If the metabolic function-improving, anti-inflammatory, and anti-thrombotic effects of thermal 
stimulation can be clarified based on its effects on skeletal muscle, there is a possibility that patients 
themselves can make efforts in the future to prevent cardiovascular diseases. In this study, the effect 
of thermal stimulation effect on SkMC was analyzed by using microarray technique to investigate 
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the effect on ASCVD-related molecules and the mechanism of anti-atherogenic changes in serum 
adiponectin level and suPAR value. The result may lead to understand whether it is possible to 
exploit the thermal stimulation effect comprehensively in vivo for ASCVD prevention and to support 
for improving lifestyle habits. 
 
Purpose 
The aim of this study is to investigate whether thermal stimulation is effective and safe for 
arteriosclerosis prevention by observing the change of cultured SkMC gene expression profile. 
The second aim is to determine whether increase in plasma adiponectin or decrease in suPAR, as 
shown in our previous report of anti-arteriosclerotic effect by thermal load of healthy adult femoral 
skeletal muscle, is mediated through molecules from skeletal muscle cells. 
 
Methods 
Changes in mRNA expression due to thermal stimulation were compared using microarray analysis 
between a thermal-exposed SkMC cultured at 42℃ and control SkMC cultured at 37℃. A thermal 
load was initiated when growth saturation densities of 50% to 70% were confirmed in SkMC 
cultures. Total RNA was extracted after thermal loading for 20 hours. The electrophoresis pattern of 
the total RNA was confirmed with an Agilent 2100 Bioanalyzer, and quantitative evaluation by 
NanoDropND-1000 was performed. The microarray analysis was performed using the Gene Chip 
Human Genome U133 Plus 20 Array (Affymetrixs). Detected signals were subjected to the scatter 
plot, gene ontology (GO), cluster, pathway, and network analyses using the Gene Spring GX 
software.  
Concerning dipeptidyl peptidase IV (DPP-4), which was considered to have the possibility of 
acting on fat cells or blood that released from the skeletal muscle due to elevation of temperature, the 
concentration of DDP-4 released into the culture medium after SkMC culture under the same 
conditions was determined using the enzyme-linked immunosorbent assay (ELISA). 
 
Results 
The thermal-exposed group (42°C) revealed 1,072 genes showing 2-fold higher expression and 
1,123 genes showing 0.5-fold lower expression compared with-control group (37°C). Among the 
1,072 genes showing >2-fold expression, 26 were considered to be associated with ASCVD. Among 
the 1,123 genes showing < 0.5-fold expression, 12 were considered to be associated with ASCVD. In 
addition, changes in the expressions of multiple factors associated with apoptosis or cell growth 
inhibition were observed. 
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GO analysis was performed for 1,072 genes showing >2-fold expression in SkMC, and 152 were 
significantly (p < 0.001) consistent with the gene list classified by GO. According to the GO term 
classification, 114 of the 152 genes were classified as biological processes, 15 as cellular 
components, and the other 23 as molecular functions. Of the 1,123 genes showing <0.5-fold 
expression, 123 were significantly consistent with the gene list classified by GO, and 79 of the 123 
were classified as biological processes, 36 as cellular components, and 8 as molecular functions. GO 
included genes associated with regulation of metabolism, HSP, macrophage activity, enzyme activity, 
cell growth, and immune system. 
Some of the genes showing increased expression were significantly contained in the pathways for 
lipid synthesis, AMPK signal transduction, vitamin B12 metabolism (including HDL metabolism), 
integrin-mediated cell adhesion, and nitric oxide metabolism. Some of the genes showing decreased 
expression were significantly contained in the pathways for sterol regulatory element-binding 
protein (SREBP) signaling, which regulates the metabolism of fatty acids and cholesterol, 
SREBP-associated cholesterol metabolism, homeostasis, cholesterol synthesis, glycogen metabolism, 
and AMPK signaling. The pathways for lipid synthesis, AMPK signal transduction, and 
integrin-mediated cell adhesion significantly contained some of the genes showing increased or 
decreased expression. 
Natural Language Processing (NLP) network analysis was performed using a list of 168 probes 
showing >4-fold expression or <0.25-fold expression, in which HSPA1A, CLU, and MAP3K8 
showing marked changes in gene expression were contained.  
In addition, DPP-4 expression was decreased by thermal stimulation to SkMC, so it was considered 
that degradation of adiponectin was reduced, thereby causing the elevation of plasma adiponectin 
levels. When DPP-4 secretion from SkMC was measured by ELISA method, DPP-4 like protein was 
identified in the culture media. Unexpectedly, the concentration of DPP-4 was significantly higher in 
the cells exposed to thermal stimulation than in the control cells. 
 
Discussion 
SkMC exposed to heat at 42°C showed marked changes in the expression of various genes. 
Exposure to heat at 42°C for 20 hours did not apparently injure SkMC, and it was enough to change 
mRNA expression.  
Among the factors showing significantly increased gene expression in SkMC exposed to heat, the 
following molecules were expected to have antidiabetic effects: HSPA1A/HSPA1B, HSP105/110, 
clusterin, complement C1q tumor necrotic factor-related protein1, Sestrin 3, insulin receptor, insulin 
receptor substrate IRS2, histamine receptor H1, thyroid hormone receptor α, growth differentiation 
factor 15, insulin receptor, insulin receptor substrate 2, sarcolipin, leptin receptor, Kruppel-like factor 
15, and insulin-like growth factor I receptor, while fat storage-inducing transmembrane protein 2, 
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CCAAT/enhancer-binding protein δ, and Sestrin 1 were expected to have preventive effects against 
ASCVD by improving the skeletal muscle function. Among the factors showing significantly 
decreased gene expression in SkMC exposed to heat, the following molecules were considered to be 
useful for preventing ASCVD when their expressions were inhibited: DPP-4, endothelial lipase, heat 
shock 70 kDa protein 5, activating transcription factor 6, a disintegrin and metalloproteinase 
metallopeptidase domain 12, myocyte enhancer factor 2C, insulin-like growth factor-binding protein, 
and heparin-binding EGF-like growth factor. These have been reported to improve insulin sensitivity 
irrespective of dietary restrictions, and promote glucose uptake from the skeletal muscle. Thus, 
thermal stimulation of SkMC may be useful for preventing ASCVD due to their effects on glucose 
and lipid metabolism. Measurement by ELISA resulted in an increase in the DPP-4 concentration in 
the culture medium indicating the dissociation between the mRNA expression level and released 
protein level. Thus, it is unlikely that the elevated plasma adiponectin levels by thigh muscle 
fomentation observed in the previous study is due to the reduced DPP-4 from the skeletal muscle. 
Among the factors showing increased gene expression in SkMC exposed to thermal stimulation, 
arachidonate 15-lipoxygenase, endothelial growth factor, and thrombospondin were considered to 
promote atherosclerosis, HSP60 family member 1 and angiotensinogen to promote insulin resistance, 
and WNT1 inducible signaling pathway protein 1 and toll-like receptor 4 to promote ASCVD. 
Calmodulin-dependent protein kinase and urokinase-type plasminogen activator act to prevent 
diabetes mellitus and atherosclerosis, respectively, but their gene expressions were inhibited by 
thermal stimulation, suggesting that they exert promoting effects on each disease following thermal 
stimulation. In addition, changes in the expression of some genes associated with cell growth 
inhibition were observed, suggesting that heat stress induced apoptosis-related factors. 
Results of GO, pathway, and network analysis contained significant altering gene expression group 
related to glucose metabolism, lipid metabolism, apoptosis and cell proliferation, and immunity. 
There is a possibility that thermal stimulation may have an effect on the glucose metabolism and 
lipid metabolism of SkMC.  
Therefore, if comprehensive judgment is made from factors acting on improving insulin sensitivity 
and factors acting defensively on ASCVD, thermal stimulation to SkMC is expected to have a 
preventive effect on ASCVD. Consideration for utilization in health consultation is necessary. 
Although the results of this research are not immediately applied to public health, it is possible to 
consider that this effect can be added to the purpose of nursing technique utilizing thermal 
stimulation effect. Factors that work on ASCVD prevention unrelated to diets and exercise have 
been confirmed, so it is expected to utilize muscle fomentation when prevention by exercise and 
diets are insufficient. 
Furthermore, when actually utilizing thermal effects in health counseling, it is assumed that 
utilization of squeezing tools used in nursing will be utilized. In order to fulfill the requirements 
necessary for nursing technique, verifying the mechanism of action, safety, and concrete method of 
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thermal loading in humans are required to investigate further. 
In addition, among the variations in gene expression in this study, the gene polymorphism was also 
related to the progression of ASCVD. Effective utilization of this technique can be expected when 
considered the relation between individual genetic information and constitution such as sensitivity to 
hyperthermia. These findings can lead to the future research related to support for personalized 
prevention of ASCVD. 
It might be able to validate the temperature or time conditions of thermal stimulation that is 
clinically applicable for ASCVD prevention by using physiological or biochemical ASCVD markers 
as endpoint.   
 
Conclusion 
In this study, 9 of the top ten atherosclerosis-related genes were upregulated by thermal stimulation 
and they were thought to act defensively in ASCVD. Six out of the top ten atherosclerosis-related 
genes were downregulated by thermal stimulation and they were thought to act atherogenic, that is 
defensive against ASCVD.  
Although this thermal stimulation also induced changes in the gene expression of factors promoting 
ASCVD, the protective effects of thermal stimulation against ASCVD were predominant in SkMC. 
Concerning the mechanism of the increase in the blood adiponectin level following thermal 
stimulation observed in our previous in vivo human study, it is unlikely that adiponectin increase by 
fomentation is caused by the reduced release of DPP-4 from SkMc. 
This research gave suggestion for nurses to apply thermal stimulation effects to the prevention of 
ASCVD. In order to utilize it in health consultation based upon the background of the target person, 






















解析を行ったところ、温熱刺激で変化した遺伝子群は抗 AS 的な 4 パスウェイに有意に含
まれた。先行研究で認めた抗 AS 的な血中マーカーの変化には骨格筋細胞因子の直接的な
関与は否定的であった。 
以上より骨格筋細胞の温熱刺激により、AS予防の可能性が認められ、血中バイオマーカ
ーへの応用が期待できるが、時間や温度を含めた生体での応用可能性については今後のさ
らなる検討が必要である。温熱療法は看護職が多用している技術であるが、AS予防を目的
とした報告はなく、オリジナリティがあること、ASのリスクを抱える健常者、リスク疾患
を抱える患者、運動が困難なフレイルの高齢者における AS 予防法の一つとして、今後の
展開が期待できる点などを評価した。 
 
 
